developed a methodology to support low clearance immersive, intuitive manual assembly while using low-cost desktop-based Virtual Reality systems with haptic force-feedback. Research interests: virtual reality (VR) applications in mechanical design, design methodology and engineering education. Design competencies were measured in these courses, both pre-and postexperience, using self-reported surveys as well as instructor assessment of ABET learning outcomes. The post-experience surveys as well as final project rubrics were used to measure changes in design competencies as well as changes in self-efficacy. There was a correlation between the changes of self-efficacy and ABET outcomes at the end of the courses for both major-specific and general education courses. Students in the general education course scored lower in final self-efficacy compared to their peers in the major-specific courses but there may be a trade-off between making engineering material more accessible to general education requirements as compared to the depth covered in major-specific courses. This paper shows that encouraging and motivating students to study engineering does not necessarily have to be distinct from teaching them technical design or engineering skills. Learning outcomes in handson design courses are a critical component to student engagement and retention within engineering and the liberal arts. All of the courses discussed within this paper play important but different roles within the engineering curriculum at Harvard.
Introduction
More and more engineering programs offer introductory design courses earlier in the curriculum, even offering first-year introduction to engineering subjects or through required design "cornerstone" subjects. Early project-based experiences (such as first-year, cornerstone courses) are shown to have a large impact on engineering students. [1] [2] [3] [4] In particular, they serve to enhance student interest in engineering, improve retention, and improve results in later courses. 5, 6 Richardson and Dantzler noted that the retention rates of students at the University of Alabama who take engineering courses in their first-year improve as much as 16%. There is a similar improvement in second-year retention rates among engineering students who take a projectbased course, as reported by the Gateway coalition of eight schools (Columbia, Cooper, Drexel, NJIT, Ohio State, Polytechnic Institute of NYU, South Carolina, USC). In particular, retention rates among women and underrepresented minorities are higher: in 2003, introductory projectbased experiences improved retention from 67% to 86% for minority students and from 88% to 90% for female students (compared to 70% to 86% for all students). 7 In detail, the goal of this study was to determine whether self-efficacy, in the context of engineering design, improves at a similar or accelerated rate when comparing a general education engineering course to two different introductory engineering courses required for the electrical and mechanical engineering degrees respectively.
For this study, the research questions were tested through a questionnaire given at the beginning of three introductory engineering courses (ES 50, ES 51 and ES 52) with 142 undergraduate students at Harvard College. The details of these courses are presented and discussed in subsequent sections. The background survey also included demographic information and whether the students had completed any prior design experiences. Once all students completed the course and handed in all assignments, they were asked to fill out a voluntary exit survey that included the self-efficacy scale again. While recent efforts in this area have sought to utilize self-efficacy as a measure of performance on dissection tasks 8, 9 , very little data exists on how self-efficacy and design quality correlate. In this study, the authors use self-reported efficacy scores and compare them to rubric scores from ABET Student Outcomes assessment to create a baseline skill inventory for the students assessed.
Program Motivation and Structure
The General Education (Gen Ed) program at Harvard College is intended to "connect a student's liberal education…to life beyond college" and not to be a distribution requirement. This seeks to provide new opportunities for students to learn -and for faculty to teach -in ways that cut across traditional departmental and intra-University lines. Complementing the rest of the curriculum, this program aims to achieve four goals that link the undergraduate experience to the lives students will lead after Harvard College:
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• To prepare students for civic engagement • To teach students to understand themselves as products of, and participants in, traditions of art, ideas, and values • To enable students to respond critically and constructively to change • To develop students' understanding of the ethical dimensions of what they say and do Students must complete one letter-graded course in each of the eight categories in General Education where one of those courses must also engage substantially with the Study of the Past. The eight Gen Ed categories at Harvard College are: One additional distinguishing feature of the undergraduate curriculum at Harvard College is that students do not declare their major until the fall semester of sophomore year. Students may enroll in introductory engineering courses prior to declaring their major, and the experience that students have in these courses could fundamentally impact their interest in majoring in engineering.
Course Descriptions
Engineering Sciences 50 -Introduction to Electrical Engineering is a broad introduction to the field of electrical engineering and is a survey of the various disciplines within this field. Topics that are covered in ES 50 include:
• Analog Electronics: Ohm's Law, passive circuit analysis, electric power, op-amp circuits, amplifiers, PID control, passive filtering • Signals: sampling and quantization, analog to digital conversion, image processing, color, image and video compression • Digital Electronics: Boolean algebra, logic gates, combinational logic, sequential logic, finite state machines • Communication: amplitude modulation, frequency modulation, shift keying, noise • Electronic Devices: simplified band structure, p-n junctions, physical operation, scaling, micro fabrication
Throughout the semester, students taking ES 50 have a weekly three-hour lab which aligns with topics that are covered in the lecture portion of the course. A culminating electronics project takes the place of a final exam. In this project, students self-select into teams of typically three or four in which they are tasked with the design and implementation of an electronics project. Figure 1 ). Final projects are presented publically at a project fair. Additionally, students must detail their designs and the functionality of their projects in a final written report and 2-5-minute video. Undergraduate students majoring in an engineering discipline will typically take ES 50 in their freshman or sophomore year while students of any major can take ES 50 to fulfill their General Education requirement in either Empirical and Mathematical Reasoning or Science of the Physics Universe but not both. There are no prerequisites to ES 50 beside high school mathematics, which makes it accessible to students of all academic levels and disciplines. Typically, the student population of ES 50 is roughly evenly distributed by class year, which provides a diversity of academic experience and diversity of academic disciplines within the enrolled students. In 2015, approximately 70% of the enrolled students came from STEM majors.
Engineering Sciences 51 -Computer Aided Machine Design balances introductory material, such as Computed-Aided Design (CAD) and prototyping, with a more advanced survey of machine elements (such as gears, motors, bearings and linkages). Undergraduate mechanical engineering students typically enroll in ES 51 in their freshman or sophomore year. There are no prerequisites other then high school mathematics and physics, which is attractive to many nonengineering students. There are no prerequisites to the course related to manufacturing or fabrication and many students indicate on surveys that they do not feel confident about their fabrication skills when entering the course. Few students enrolled in ES 51 have had prior manufacturing or design experience. 70% of enrolled students are engineering majors, while the remainder are not majoring in an engineering discipline (computer science is not included in engineering). This 30% also includes first-year students who have not identified a probable major.
The course goals of ES 51 are that students, after completing the course, will be able to:
• Generate, analyze, and refine the design of simple electro-mechanical devices making use of basic physics, mathematics, and engineering principles • Describe and select common machine elements such as fasteners, joints, springs, bearings, gearing, motors, belts, chains, and shafts • Apply experimentation and data analytic principles relevant to mechanical design • Communicate a design and its analysis (written, oral, and graphical forms) • Develop basic machining and fabrication skills These topics are introduced during three 60-minute lectures and weekly lab sessions. The lecture portion is used to introduce new material, work through interactive exercises, and provide feedback on homework assignments and exams. The lab sessions are a mix of fabrication, experimentation, and oral reports. It is assumed that students do not have any knowledge of solid mechanics, and concepts of stress and strain are not taught in ES 51. During the first six weeks of the semester, students are introduced to manufacturing techniques such as 3D printing, laser cutting, and computer-numerical controlled (CNC) machining in addition to manual manufacturing skills.
Throughout the semester, student teams conceive of, design, build, and operate a robot to carry out a specified set of tasks. Each team traverses the design process beginning with sketching and prototyping to promote the generation of conceptual designs. The students are then given a kit of materials which including gears, screws, and wheels in addition to a budget for laser cut acrylic and 3D printed parts. Throughout the semester, students are required to keep a lab notebook in order explain their designs, the methods used, and their underlying assumptions. At the end of the semester, the robots compete in a single-elimination tournament which is similar to competitions like FIRST Robotics.
11 In addition to engineering design and machine components, students must communicate the features of their robots and their design decisions at the end of the semester. A sample robot from Fall 2015 is shown in Figure 2 . The body of the robot is made out of laser-cut acrylic sheets, the motors are mounted on 3D printed pieces, the wheels are cast from silicone, the wheel axles are turned down on a lathe and the gear box is made using milled Delrin.
Engineering Sciences 52 -The Joy of Electronics Part 1 teaches engineering students how to design circuits to solve practical problems. The course teaches electronic circuit design through a sequence of guided projects including smart flashlights, analog computers, audio effects, heart rate detectors, and numitron dice. Students participate in three hours of interactive lecture and six hours of dedicated lab time a week. A critical component of this course is that the instructors for the course also run the labs -spending dedicated time with the students to guide them through both the theory and practice of circuit design and sharing their experience where possible. The class has exams that test both traditional circuit analysis concepts (covering Kirchhoff's Laws, impedance considerations, filter design, transistors, op-amps, logic gates, finite state machines, counters, microcontrollers, etc.
) and an open-ended final project. Figure 3 shows sample projects that demonstrate how students define specifications and requirements for real-world problems and then design, build, and test circuits to address them. One specific example (Fig. 3 top) shows students tackling the problem of "being on time for class." The students designed a novel alarm clock that had to keep time accurately, generate a loud alarm sound, and run a pump to squirt water if the clock was too many times. Another example (Fig. 3 bottom-left) shows students trying to determine the beats per minute (bpm) of a song. The students refined their requirements to focus on low frequency (or bass) audio signals, built and tested analog and digital circuits to extract the needed information, and collected and analyzed test data to show that they could accurately extract bpm data for certain songs. 
Methods
Self-efficacy measures are widely used in engineering education as a means of assessing motivation, outcome expectancy, and anxiety for design tasks. The importance of self-efficacy in assessing "comfort levels" in the engineering design process has been widely recognized [12] [13] [14] [15] [16] , but less emphasis has been placed on the design outcome and design quality itself. The self-efficacy instrument utilized in this study is the same one used by Carberry et al. where students self report their ability to perform specific tasks. 13 In this study, the self-efficacy instrument was given to students during the first two weeks of the semester as well as at the conclusion of the semester and their final projects. In an effort to set a baseline for the 142 self-reported surveys, the authors also measured learning outcomes within the introductory engineering design courses using final project rubrics from the course instructors.
Most learning outcomes for engineering design courses are motivated by the requirements ABET sets for undergraduate engineering degrees. The ABET criteria include design as well as requirements for teamwork, ethics, social context, and other broad considerations. ABET Criteria 3 Student Outcomes (a) through (k) include design explicitly, in particular through criteria (b), (c), and (e). The following ABET learning outcomes, and associated performance indicators for those outcomes, were used to assess the technical capabilities of students at the end of the courses based on instructor ratings of their final projects. These learning outcomes and performance indicators are:
(a) Apply knowledge of mathematics, science, and engineering
• Was it correct/accurate and free of all errors? (c) Design a system, component, or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability
•
• Effective verbal and written communication
Each of these performance indicators were graded on a scale from 0 to 4 where 0 is lowest possible score and 4 is highest possible score with 3 being the minimum passing score for a student graduating with an engineering degree from Harvard College.
• 4 -Mastery: representative of the abilities of our top performing engineering students • 3 -Satisfactory: an adequate standard for an engineering student who is graduating with an engineering degree • 2 -Developing: unsatisfactory for a graduating engineering student but may or may not represent the abilities of students who are more junior and/or have less experience in this area • 1 -Unsatisfactory: individual's work in this is unsatisfactory, little effort or mastery is evident • 0 -Individual did not make any progress in this area While each of the courses in this study measured ABET learning outcomes using rubrics for their final projects, each course evaluates those learning outcomes for a different assignment. Some courses use a design fair presentation, while others use a final report. For each course listed in this study, Table 1 lists the type of assignment where the ABET rubric was applied. 
Results
The survey was completed by 142 undergraduate students enrolled in ES 50, ES 51, and ES 52, at Harvard College. In total, there were 36 females and 105 males ranging in age from 17 to 26 years old (average age was 19.5 years). Table 2 shows the gender distribution among the three courses. It should be noted that ES 50 is only offered in the Fall semester, whereas ES 51 and ES 52 are offered both Fall and Spring. Enrollment levels for ES 51 and ES 52 are both higher in the Spring. The data was taken during the Fall 2015 semester and included both pre-and postexperience. The pre-survey centered mainly around demographic info, while the post-experience asked more about the design experience in the course. During the pre-and post-survey, students were asked about their self-efficacy. ES 52 did not collect pre-experience data and was therefore excluded from this analysis. There was a significant difference in the change for conduct engineering design, identify a design need, and redesign/iteration between ES 50 and ES 51. A one-way Analysis of Variance (ANOVA) showed that there is (statistically) significant difference among the population means, (1,109) = 10.48, = 0.0016 for "conduct engineering design" and (1,109) = 7.99, = 0.0056 for "identify a design need", and (1,109) = 13.79 , = 0.00033 "redesign and iteration". Students in ES 51 reported much higher changes in their perceived ability to conduct engineering design, identify a design need, and redesign when compared to ES 50 students. This could be a result of ES 51 students building their robots over 14 weeks in the semester and therefore have much more time to iterate than ES 50 students, who only have 4 weeks to design and implement their final projects. Average changes in self-efficacy as well as F and p values as a function of course are listed in Table 3 . A substantial amount of research in education is geared towards retention of female students in the engineering fields. Project courses have been found to increase students' confidence in their own skill development. 17 Instructors for all three courses have observed that, prior to enrolling in these courses, many women have not built or tinkered with tools or disassembled gadgets. 18 For this study, there is no significant difference seen in changes in self-efficacy between genders which is shown in Table 5 . Both men and women reported increased confidence in their engineering skills at the end of the course. One might expect that female students would have underestimated their self-efficacy 12, 19 , which is not the case for this particular student population. Of course, there are accuracy issues with self-reported surveys, which is why instructor-scored assessments of ABET learning outcomes were also used as a measure of design competencies.
ABET Design Outcomes
ABET learning outcomes were also evaluated by the instructors and teaching assistants for each course. For this paper, the ABET outcomes, as measured by performance indicators, were combined and averaged for each student based on the course that they took, by gender, and by academic level. ANOVA shows that there is no (statistically) significant difference among the population means for the courses surveyed, (3,134) = 1.28 , = 0.28 , as a function of gender, (1,136) = 0.057, = 0.81, or as a function of academic level of the students taking the introductory courses (shown in Figure 5 ), (3,134) = 1.28, = 0.28. This makes sense because these courses are introductory in nature and students who take these courses have little or no experience in engineering prior to these courses. Additionally, the 3 level on the rubric is considered satisfactory and is the minimum goal for an engineering student at the time of graduation, not the goal for less experienced or non-engineering students. It is to be expected that less experienced or non-engineering students would score below 3 on average. To calibrate ABET outcome rubric scores to the self-reported self-efficacy scores, the average ABET score was plotted against the change in self-efficacy in Figure 6 . A comparison of instructor-reported ABET outcomes score and student reported self-efficacy scores shows a slight correlation with some statistical significance, (1,111) = 6.87, = 0.10. This shows that self-reported scores have some correlation with the instructor's evaluation of the students. 
Changes in Declared Major
Lastly, students were asked in the pre-and post-experience survey about their majors. In particular, freshman and sophomores in the Fall semester would not have declared their majors. This occurs during the fall semester of sophomore year. ES 50 has the most non-engineering STEM majors, denoted as STEM -Other, (life-sciences, math, physics, computer science, etc.), while both ES 51 and ES 52 primarily are made up of engineering majors. Very few freshmen or sophomores indicated undecided on the pre-and post-surveys because they were asked expected majors. Table 6 shows the distribution of majors in each course surveyed. It is surprising that the general education course did not see any significant changes in the majors of the students. In addition, ES 51 saw a slight decrease of students majoring in engineering. In general, major-specific courses reduced the undecided student population. The number of students in either engineering, humanities, social sciences or other STEM fields did not change significantly at the end of the semester. This result indicates that the general education requirement did not make any difference in students choosing their majors.
Discussion
This study compared both self-efficacy and ABET learning outcomes in three introductory engineering courses at the Harvard School of Engineering and Applied Sciences within a general education program as well as for required introductory courses for electrical and mechanical engineering majors. All of the students reported higher self-efficacy scores at the end of the course. The self-efficacy reports showed no statistically significant differences between female and male students or the students' academic level. Students in the general education course scored lower in final self-efficacy compared to their peers in the major-specific courses, but this reflects an intentional trade-off made between increasing the accessibility of the material over the depth covered in the course. While it is encouraging that students across the introductory courses expressed an increase in self-efficacy, these self-reported scores only tell one side of the story.
ABET outcomes were chosen as another indicator of student outcomes. These provide a valuable point of contrast with the self-efficacy scores as these are assessed by course instructors, not selfassessed by the students. The rubrics for ABET outcomes are written to assess what a graduating senior should be able to accomplish, so any student taking their first foray into engineering should have a similar assessment regardless of prior non-engineering experience. The data confirmed that there were no significant differences between students' academic level and their ABET outcome scores. This, along with the self-efficacy results, supports that students, regardless of their academic level or gender, can experience an engineering course in a meaningful way.
There was also a correlation between the changes of self-efficacy and ABET outcomes. Students that had higher changes in self-efficacy also had higher ABET outcome scores. This leads the authors to believe that ABET outcome scores are a promising companion to self-reported selfefficacy scores which could be useful in future studies of the effect of introductory engineering courses on retaining declared engineering students and converting new students to engineering majors.
Conclusions
Introductory classes in engineering topics are critical for any engineering curriculum as they expose students to engineering content and can be crucial to students' retention rates within engineering disciplines, especially amongst under-represented groups. These courses are often hands-on and have a significant design project associated with them. There is a clear need to better understand design assessments and how they can improve how instructors correlate technical knowledge, design notebooks, entry and exit self-efficacy scores, and teamwork scores. Self-efficacy scores only tell a small picture of students' learning outcomes, but they appear to be correlated with instructor-assessed ABET scores. This correlation is a promising way to link data normally used to assess a course's ability to draw and retain engineering students (selfefficacy) with the data used to determine whether a course achieves sufficient outcomes in training aspiring engineers. Given that the data was drawn from courses targeted at both general education students and engineering students at a liberal arts college, this shows that encouraging and motivating students to study engineering does not necessarily have to be distinct from teaching them technical design skills.
Further work is necessary to determine the exact trade-offs between encouraging student confidence and building their technical design skills. Additionally, statistical analysis could be performed to see if students had taken other introductory level engineering courses (including physics courses) and how that affects both efficacy and design outcomes. Finally, further data needs to be collected to examine how these introductory courses affect converting new engineering majors and retaining them once they have declared their majors.
